1. Introduction {#s0005}
===============

Plant foods provide abundant natural bioactive compounds which have many proved health-promoting activities like antioxidant, antibacterial, antihypertensive, anti-inflammatory etc. Phenolic compounds are one of the most widely occurring groups of phytochemicals, are of considerable physiological and morphological importance in plants. Additionally, there are many reports that this group of phytochemicals possesses biological activity. The antioxidant activity of polyphenols is due to their ability to scavenge free radicals, donate hydrogen atoms or electron, or chelate metal cations ([@b0010], [@b0015]). The presence of electron-donating and electron-withdrawing substituents in the ring structure of phenolics as well as the number and arrangement of the hydroxyl groups determines their antioxidant potential ([@b0110]). Additionally, a huge number of phenolic compounds which have been reported in the literature, show differences in possible biochemical modification (glycosylation, acetylation, manolynation, esterification to organic acids etc.) ([@b0025], [@b0015]).

Differences in the structure of phenolic compounds also determine their solubility in solvents of different polarity. Therefore type of extraction solvent as well as the isolation procedures may have a significant impact on the yield of extraction polyphenols from plants material. There are some reports concerning optimization of extraction conditions of phenolic compound content and antioxidant activities of some plant foods but as some researches indicated optimal procedure is usually different for different plant matrices ([@b0085], [@b0080]).

In the present study basil (*Ocimum basilicum* L.) was selected as model food matrices as it is one of the most common herbs consumed as spice and is a rich source of phenolic compounds especially phenolic acids (like rosmarinic acid, chicoric acid, vanillic acid, *p*-coumaric acid, benzoic acid, hydroxybenzoic acid, syringic acid, ferulic acid, protocatechuic acid, caffeic acid and gentisic acid), flavonol-glycosides and anthocyanins ([@b0050], [@b0100]).

The aim of the present work was to determine best conditions for extraction of phenolic compounds from fresh, frozen and lyophilized basil leaves.

2. Materials and methods {#s0010}
========================

2.1. Chemicals {#s0015}
--------------

Folin--Ciocalteau reagent, DPPH (1,1-diphenyl-2-picrylhydrazyl), Trolox ((±)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) were purchased from Sigma--Aldrich Company, USA. Any other chemicals were of analytical grade.

2.2. Materials {#s0020}
--------------

Basil plants (*O. basilicum* L.) were purchased at commercial maturity from a local store. One proportion of the samples after weighing was frozen and the other one was freeze-dried.

### 2.2.1. Sample preparation {#s0025}

Two extraction ways were used for sample preparation:(a)Fresh material (2 g) (or an appropriate amount of frozen or lyophilized material) was ground in a mortar and pestle with 20 mL of an appropriate solvent mixture (see [Table 1](#t0005){ref-type="table"}) and the polyphenols were extracted for 1 h at 4 °C, then centrifuged at 9000*g* for 30 min. and adjusted to 50 mL of final volume with used solvent -- this was an extract of polyphenols labeled as once shaking.(b)2 g of fresh material or optional respectively to the weight of the quantity of frozen or lyophilized material was ground in a mortar and pestle with 15 mL of an appropriate solvent mixture (see [Table 1](#t0005){ref-type="table"}) and the polyphenols were extracted for 20 min at 4 °C, then centrifuged at 9000*g* for 30 min. -- this procedure was repeated three times and the supernatants were pooled and adjusted to 50 mL of final volume with used solvent -- this was an extract of polyphenols labeled as three times shaking.

2.3. Determination of total phenolic compounds (TPC) {#s0030}
----------------------------------------------------

The amount of total phenolics was determined using Folin--Ciocalteau reagent ([@b0090]). To 0.5 mL of the sample, 0.5 mL H~2~O, 2 mL Folin--Ciocalteau reagent (1:5 H~2~O) was added, after 3 min, 10 mL of 10% (w/v) Na~2~CO~3~ and the contents were mixed and allowed to stand for 30 min. Absorbance at 725 nm was measured in a UV--Vis spectrophotometer. The amount of total phenolics was calculated as gallic acid equivalent (GAE) in mg per g of fresh weight (FW).

2.4. Determination of free radical scavenging activity {#s0035}
------------------------------------------------------

The free radical scavenging activity was measured using DPPH (1,1-diphenyl-2-picrylhydrazyl) -- according to [@b0020] as the source of the free radicals. For the DPPH assay, the 80 μL of methanolic extracts was mixed with 1.92 mL 6 × 10^−5^ M solution of DPPH^•^ in methanol. Absorbance at 515 nm was measured immediately and after 2.5 mins of incubation. The affinity of the test material to quench DPPH free radicals was evaluated according to the equation:$$\text{scavenging}\% = \lbrack(\text{AC} - \text{AA})/\text{AC})\rbrack \times 100\text{,where}:$$

AC -- absorbance of control at 0 min, AA -- absorbance of sample after 2.5 min.

The antiradical activity was related to Trolox (an analog of vitamin E) and expressed as mM of Trolox per gram of fresh weight (FW) (TEAC, Trolox equivalent antioxidant activity).

2.5. Determination of reducing power (RP) {#s0040}
-----------------------------------------

Reducing power was determined by the method of [@b0070]. A 0.5 mL of extract was mixed with 0.5 mL (200 mM) of sodium phosphate buffer (pH 6.6) and 0.5 mL potassium ferricyanide (1% v/v) and samples were incubated by 20 min at 50 °C. After that, 0.5 mL of TCA (10% v/v) was added and the samples were centrifuged at 9000*g* by 10 min. Upper layer (1 mL) of supernatant was mixed with 1 mL of distilled water and 0.2 mL of ferric chloride (0.1% v/v). The absorbance was subsequently measured at 700 nm in the spectrophotometer. The reducing power was related to Trolox (an analog of vitamin E) and expressed as μM of Trolox per gram of fresh weight (FW) (TEAC, Trolox equivalent antioxidant activity).

2.6. Statistical analysis {#s0045}
-------------------------

The experiments were conducted three times and all the determinations were performed in triplicate. Statistical analysis was performed using STATISTICA 7.0 for mean comparison using Tukey's test at the significance level *P* \< 0.05. Data were also evaluated using Pearson's correlation coefficients to identify relationships between phenolic contents and antioxidant activities of basil leaves.

3. Results and discussion {#s0050}
=========================

Phytochemicals, including phenolic compounds, present in many herbs have received much attention in recent years due to their many health benefits, including antioxidant and anti-inflammatory activities. For this reason there are interests in using some herbs not only as culinary products but also as a supplement to functional products. Therefore, the study on the stability of some bioactive compounds in the plant material during some processing (drying, freezing, etc.) or preparation of plant extracts would be useful in the selection of the bioactive compounds extraction procedure ([@b0035]). For extracting phenolic compounds typically from plant material previously used solvents are methanol, ethanol, acetone and ethyl acetate ([@b0005], [@b0045]). In the present study for extracting phenolic compounds from basil leaves the combination of methanol, acetone and acetic acid at different ratios were used ([Table 1](#t0005){ref-type="table"}). The composition of the extracting solvents significantly (*P *\< 0.05) affected the measured polyphenolic content. The acetone mixtures with the highest addition of acetic acid (solvent I: acetone/water/acetic acid (70/28/2, v/v/v)) extracted most of the phenolic compounds when fresh and freeze-dried material had been used ([Fig. 1](#f0005){ref-type="fig"}A and C), whereas the acetone/water/acetic acid (70/29.5/0.5, v/v/v) mixtures appeared to be the best for extracting phenolics from frozen used matrices. It is well known that solvent polarity will play a key role in increasing phenolic solubility and acetone--water mixtures which were very effective solvents in our study are good solvent systems for the extraction of polar antioxidants ([@b0065], [@b0005]). In a study conducted by [@b0060] acetone-based mixtures were also more effective solvents than the methanol-based mixtures for phenolic extraction yields from fruits and vegetables. However, in [@b0105] the best solvents for phenolic extraction from horseradish roots were ethanol and ethanol/water solutions have been reported ([@b0105]). Additionally, the maximum polyphenolic extraction yield (48.7 ± 0.7 g GAE/100 g extract) was obtained in the methanol extract of *Bauhinia vahlii* followed by acetone, hot water and chloroform extracts ([@b0095]). So, as other researchers suggested ([@b0055], [@b0060]) that selection of the most efficient solvent for phenolic compounds extraction must depend on the used food matrices.

Among factors affecting the efficiency of the extraction, the number of extractions should be considered. In this present study, two extraction procedures: once shaking for 30 min and three times shaking for 20 min were performed. Although in the case of solvent I and III the content of phenolic compounds in extracts from fresh material obtained by the different procedure was not significantly (*P* ⩾ 0.05) different when we used other solvents (II, IV, V and VI) the three times procedure was more effective ([Fig. 1](#f0005){ref-type="fig"}A). Contrary, in the case of frozen basil, once shaking procedure led to a larger yield than three times as solvents no II, IV, V and VI were used ([Fig. 1](#f0005){ref-type="fig"}B). Surprisingly, there were not significant (*P* ⩾ 0.05) differences in the content of phenolics between the two used procedures in the case of lyophilized basil leaves used for extraction ([Fig. 1](#f0005){ref-type="fig"}C). According to [@b0060] the optimal time and procedures of phenolics extraction from plant matrices like fruit (apple) and vegetables (broccoli and leek) was a single 60-min extraction but it depends on the plant because for example in the case of orange the two-step extraction (40 + 20 min) showed the best results.

It is well known that plant phenolic compounds can play an important role in the shaping of the biological properties of the plant including antioxidant properties ([@b0075]). In the presented study the antioxidant activity was determined with the use of two methods -- ability to quench free radicals and reducing power. In the case of lyophilized basil the highest antioxidant potential measured with both used methods in the extracts obtained using the solvent no I (acetone/water/acetic acid (70/28/2, v/v/v)) was observed (Fig. [2](#f0010){ref-type="fig"}C and [3](#f0015){ref-type="fig"}C). These results were correlated with the highest polyphenolic contents ([Fig. 1](#f0005){ref-type="fig"}C). Similarly, mixtures of acetone and water were the most effective for total phenolic extraction as well as for producing extracts from lyophilized banana peel with a high antioxidant capacity ([@b0030]). On the contrary, in the work conducted by [@b0095] the methanolic extract of *B. vahlii* leaves has a stronger antioxidant potential than those of acetone, water and chloroform extracts. In our study the highest antiradical activity of extracts from fresh material for II and III solvents was determined (Fig. [2](#f0010){ref-type="fig"}A and [3](#f0015){ref-type="fig"}A).

Comparing the extraction procedure (once shaking for 30 min. and three times shaking for 20 min every time) used in these studies no differences in antioxidant activity in the case of lyophilized basil leaves (except the solvent No. V) should be noted (Fig. [2](#f0010){ref-type="fig"}C and [3](#f0015){ref-type="fig"}C). This is consistent with the results regarding the content of polyphenols in the studied extracts ([Fig 1](#f0005){ref-type="fig"}C). When we used fresh basil leaves for preparing extracts, the antioxidant activities measured by the DPPH and RP assays were higher for three times shaking procedure than for once shaking -- these results also confirmed the trends relating to the content of phenolic compounds. One exception was extracts obtained using acetone/water/acetic acid (70/28/2, v/v/v) mixture, for which there were no differences in antioxidant activities (Fig [2](#f0010){ref-type="fig"}A and [3](#f0015){ref-type="fig"}A). The obtained results may be due to the fact that in the case of three times shaking procedure the time during which the extraction solvent and matrix are in contact was longer. Our results corresponded with the study conducted by [@b0060] in which the DPPH antioxidant capacity of extracts from apple increased with the extraction time. Although in the same study increasing the extraction time had no effect or small negative effect on the ORAC (Oxygen Radical Antioxidant Capacity) values for extracts from apple and leek.

It is well known that the antioxidant potential of the plant material usually appears to correlate with the phenolic content ([@b0040]). The analyses in the present work of correlation between the phenolic content and antioxidant activity measured in the two assays varied with the material used ([Table 2](#t0010){ref-type="table"}). The highest positive correlation for the extract from lyophilized material has been noted (*R*^2^ = 0.880 and 0.908 for the relationship between the content of phenolics and the DPPH or RP, respectively). It should also be noted that in the case of other types of materials (fresh and frozen) the correlations between the antioxidant activities and the phenolic contents were also positive and statistically significant (*P* \< 0.05), but not high ([Table 2](#t0010){ref-type="table"}). Similarly, in the work conducted by [@b0060] the correlation between the phenolic content and antioxidant capacity varied from matrix to matrix -- it was positive and high for apple and broccoli (between phenolic content and DPPH) as well as for orange (between phenolic content and ORAC). However, for orange (between phenolic content and DPPH) and for broccoli (between phenolic content and ORAC) it was positive, but not significant (*P* ⩾ 0.05) ([@b0060]).

4. Conclusion {#s0055}
=============

The optimal conditions for polyphenol extraction from basil leaves were significantly different depending on the types of plant material (fresh, frozen or lyophilized) used. Generally, the combination of acetone, water and acetic acid seem to be more effective than the combination of methanol, water and acetic acid. However, the influence of the number of extraction steps was different for extracts from fresh, frozen and lyophilized basil leaves. It should be also noted that polyphenol contents were positively and statistically significantly correlated with the antioxidant activity of the studied extracts.
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###### 

Composition of solvents used for phenolic compound extraction.

  Number of solvent mixture   Solvent composition
  --------------------------- -------------------------------------------------
  I                           Acetone/water/acetic acid (70/28/2, v/v/v)
  II                          Acetone/water/acetic acid (70/29.5/0.5, v/v/v)
  III                         Acetone/water/acetic acid (70/29.8/0.2, v/v/v)
  IV                          Methanol/water (50/50, v/v)
  V                           Methanol/water/acetic acid (50/49.5/0.5, v/v/v)
  VI                          Methanol/acetic acid (99.5/0.5, v/v)

###### 

Pearson's correlations among phenolic compound content and antioxidant activities (DPPH and RP) of basil leaves.

                         Phenolics/DPPH   Phenolics/RP
  ---------------------- ---------------- --------------
  Fresh material         0.619            0.763
  Frozen material        0.742            0.629
  Lyophilized material   0.880            0.908
